Purpose: We aimed to discuss the roles of radiation and chemotherapy as adjuvant treatment in patients with staged IB GC who were enrolled in the adjuvant chemoradiotherapy in stomach tumors (ARTIST) trial. Materials and Methods: Among the 458 patients who were enrolled in the ARTIST trial, 99 had stage IB disease. The patients were randomly assigned to receive either adjuvant chemoradiotherapy with capecitabine plus cisplatin (XP, n=50) or chemoradiotherapy (XPRT, n=49). Survival analyses were performed in accordance with the AJCC 2010 staging system. Results: According to the AJCC 2010 system, stage migration from IB to II occurred in 71% of the patients; 98% of the T2 N0 cases were reclassified as T3 N0, and 42% of the T1 N1 cases were reclassified as T1 N2. When comparing survival outcomes between the XPRT and XP arms for stage IB cancer (AJCC 2002), no significant difference in 5-year disease-free survival (DFS) between the 2 arms was found. (median 5-year DFS, not reached, P=0.256). The patients classified as having stage IB cancer (AJCC 2002) and reclassified as having stage II cancer (AJCC 2010) exhibited worse prognoses than those who remained in stage IB, although the difference was not statistically significant (5-year DFS rate, 83% vs. 93%). When we compared 5-year DFS in 70 patients with stage II (AJCC 2010), the addition of radiotherapy to XP chemotherapy did not show better outcome than XP alone (P=0.137).
INTRODUCTION
Gastric cancer (GC) remains the second leading cause of death from malignancy worldwide [1] . Although surgical resection with regional lymph node dissection is the only curative treatment for patients with GC, a significant percentage of patients undergoing curative surgery will experience a recurrence, which leads to a poor prognosis. Furthermore, a significant geographic variation in incidence exists, with the highest rates being reported in East Asia [2] .
In patients with pathologically staged IB to IV (M0) disease according to the American Joint Committee on Cancer (AJCC) 2002 staging system, adjuvant chemoradiotherapy is considered one of the standard treatments. A prospective intergroup phase III trial (INT 0116) evaluated the usefulness of postoperative chemoradiotherapy in comparison with surgery alone in 556 patients with pathological stage IB to IV (M0) adenocarcinoma of the stomach and gastroesophageal junction, and reported a significant survival benefit with adjuvant chemoradiotherapy [3] . However, the INT 0116 trial has been criticized for including only 54 patients (10%) who had undergone a formal D2 dissection. Although D2 surgery has failed to demonstrate a survival benefit in randomized trials [4] [5] [6] , it has already become the standard surgical approach for GC in Asia and Europe [7] . In another large-scale randomized phase III adjuvant chemoradiotherapy in stomach tumors (ARTIST) trial [8] , although we failed to demonstrate an additional benefit from the addition of concurrent radiotherapy to adjuvant chemotherapy, a contradictory finding to the results of INT 0116 [3] , we confirmed that D2 resection in patients with GC can achieve long-term disease-free survival (DFS) and possible cures with both adjuvant chemotherapy and chemoradiotherapy.
Currently, we may conclude that patients with GC who have received suboptimal surgery might benefit from adjuvant chemoradiotherapy in terms of reduced risk of locoregional failure, whereas those with stage II or III disease after D2 surgery should receive adjuvant chemotherapy [9] . However, the usefulness of adjuvant therapy for stage IB cancer, either with node-positive (T1 N1) or muscle-invasive (T2 N0) GC, remains controversial. The current National Comprehensive Cancer Center Network (NCCN) guidelines still recommend chemoradiotherapy for medically fit patients with stage IB GC [10] . As the prognosis is relatively favorable for patients with completely resected stage IB disease, the effectiveness of adjuvant chemoradiotherapy for this group is less clear.
Furthermore, the INT 0116 and ARTIST trials included patients with stage IB to IV (M0) GC according to the sixth edition of the AJCC staging system. Since 2010, the seventh edition of the AJCC tumor, node, metastasis (TNM) staging system differs from the previous version regarding some aspects of the T and N parameters [11] . The aim of this study was to compare survival differences between adjuvant chemotherapy and chemoradiotherapy groups of patients with stage IB GC to investigate the prognostic impact of this change in the staging system.
MATERIALS AND METHODS
We reviewed the records and tumor specimens of 99 patients with stage IB GC treated with either adjuvant chemotherapy or chemoradiotherapy in the phase III ARTIST trial. Details on patient eligibility and treatment have been previously published [8] . In brief, after curative gastrectomy with D2 lymph node dissection, the patients with pathologically staged IB to IV (M0) GC were randomly assigned to receive either adjuvant capecitabine plus cisplatin (XP) chemotherapy or concurrent XP chemoradiotherapy (xanthine phosphoribosyltransferase [XPRT] ). Patients were required to provide written informed consent before inclusion in the study. The study was approved by the Institutional Review Board of the Samsung Medical Center (Seoul, Korea) and conducted in accordance with the principles of the Declaration of Helsinki (IRB number;2004-08-010).
The primary end point was DFS duration, defined as the time from the date of surgery until death, relapse, or second primary tumor, whichever occurred first. Secondary end points included overall survival (OS), safety, and the pattern of relapse. All data were prospectively recorded in case report forms, and only the outcome results and TNM staging according to the AJCC 2010 system were updated at the time of analyses. The median follow-up duration was 8 years.
Survival curves were estimated using the Kaplan-Meier method. All P-values were 2-sided, with P-values of <0.05 indicating statistical significance.
RESULTS
The study population consisted of 99 patients with stage IB GC staged in accordance with the AJCC 2002 staging system. The clinical and pathological characteristics are shown in When we reviewed the pathological stages of the patients according to the AJCC 2010 system, the numbers of patients with T1, T2, and T3 tumors were 48, 1, and 50, respectively. Stage migration from IB to II occurred in 71% of the patients (Fig. 1) (Fig. 2) . Likewise, the 5-year OS was 97% for the stage IB group and 90% for the stage II group. Among the 29 patients who maintained a stage IB disease, all but 1 had T1 N1 GC. The patient with T2 N0 disease remained disease-free for 7 years after surgery.
We compared 5-year DFS and OS between the XPRT (n=49) and XP arms (n=50) of the stage IB group (n=99) according to pathological staging using the AJCC 2002 system. Both median DFS and OS were not reached. DFS analysis suggested a trend toward increased DFS for the XP group, but the results were not statistically significant in the stage IB group (P=0.256) (Fig. 3A) . No significant difference in OS was found between the XPRT and XP arms (P=0.680) (Fig. 3B) . Within the 7-year follow-up, 18 recurrences occurred. The 5-year DFS rates were 88% and 84% in the XP and XPRT arms, respectively (P=0.537). We also compared the 5-year DFS of 29 patients with stage IB GC (Fig. 3C ) or 70 patients with stage II GC (Fig. 3D) according to AJCC 2010 system between the XPRT and XP arms. We found that the addition of radiotherapy to XP chemotherapy did not show better outcome than the XP arm in both the stage IB and II groups (stage IB, P=0.900; stage II, P=0.137).
DISCUSSION
Postoperative chemoradiation was established as the standard of care for resected GC in the United States at a time when D2 lymphadenectomy was not routinely performed. In one of the most influential studies, known as the INT 0116 randomized controlled trial (Southwest Oncology Group 9008), the usefulness of postoperative chemoradiotherapy was investigated and compared with that of surgery alone [3] . With a median follow-up of 5 years, the 3-year survival rate was 50% in the chemoradiation group and 4% in the surgery-alone group (P=0.005) [3] . Although adjuvant chemoradiotherapy has been adopted as the standard of care in North America and some parts of the world, it is still not commonly used in other countries. This relates mainly to the criticism of INT 0116 regarding surgical quality, as 54% of the patients enrolled underwent less than a D1 lymph node dissection despite the recommendation for a D2 dissection. Although the INT 0116 trial reported an OS benefit from adjuvant chemoradiotherapy after resection in a study of 603 patients with stage IB-IV (M0) GC, the numbers of patients with stage IB and II disease were small, and the benefits in this subgroup remain uncertain. Modified absorption of granisetron in the prevention of chemotherapy-induced nausea and vomiting, another clinical trial of perioperative chemotherapy for GC treatment, tested the efficacy of perioperative chemotherapy (n=250) in comparison with that of surgery alone (n=253) [12] . The patients in the treatment arm received 3 cycles of preoperative and postoperative chemotherapy (epirubicin, cisplatin, and 5-fluorouracil [ECF]) [12] . (HR, 0.75; 95% CI, 0.60-0.93; P=0.009). The 5-year survival rate was 36.3% (95% CI, 29.5%-43.0%) in the perioperative chemotherapy group and 23% (95% CI, 16.6%-29.4%) in the surgery-alone group [12] . Given the positive results of the 2 previous studies using different perioperative treatments, the optimal management of GC remains unclear. The Cancer and Leukemia Group B (CALGB) 80101 trial compared a standard group treated with 5-FU and leucovorin and an experimental group treated with the ECF regimen before and after chemoradiation. Results revealed no improvement in 3-year DFS (47% vs. 46%) or OS (52% vs. 50%) with the addition of an anthracycline and platinum compound to 5-FU [13] . On the basis of the positive results of the North American Intergroup Southwest Oncology Group 9008/INT 0116 trial [14] and the negative results of the CALGB 80101 study [13] , Probability of DFS fluorouracil-based chemoradiotherapy is the preferred postoperative treatment option for patients with pT3-4 and T1-2N+GC after R0 resection with less than a D2 lymphadenectomy, in accordance with the NCCN guidelines [10] .
Previously, we reported the negative results of the phase III trial (ARTIST), which examined whether the addition of radiotherapy to adjuvant chemotherapy improved DFS in patients with D2-resected GC. The ARTIST trial is the only randomized phase III trial to date that was performed in Asian patients who underwent D2 lymph node dissection and compared the efficacy of XP with that of XP with concurrent capecitabine radiotherapy (XPRT) [8] . On the basis of the results of this phase III trial (ARTIST), European Society for Medical Oncology guidelines suggested that postoperative chemoradiotherapy can be avoided by optimum surgery such as modified D2 resection [15] . In our subgroup analysis, we had a sufficient number of subjects (n=99) to investigate the impact of the treatment on stage IB GC. The survival analysis result in this study suggests that adjuvant chemoradiotherapy in the context of stage IB disease did not improve patient survival, perhaps because this disease stage is highly treatable by surgery alone that the toxicity from treatment outweighs the benefit. This study also indicates that the adequacy of surgical resection is an important issue. D0 lymphadenectomy is the most common type of lymph node dissection performed in the United States during GC resection. Adjuvant treatment with fluorouracil plus leucovorin and radiation should be considered for all patients with high-risk GC. Although D2 surgery failed to confer a survival benefit in randomized trials, it has already become the standard surgical approach for GC in Asia and Europe. In the ARTIST trial, we confirmed that patients with D2-resected GC can attain longterm DFS and possibly a cure with both adjuvant chemotherapy and chemoradiotherapy. The results of our analyses suggest that this adjuvant therapy may not confer survival benefits in patients with stage IB disease but is more clearly appropriate for stage III and IV (M0) GC.
The present study evaluated the prognostic impact according to the revised AJCC staging system. In brief, subserosa tumor invasion, which was previously classified as T2b, is now classified as T3 according to the seventh edition of the AJCC staging system. Regarding the N parameter, tumors classified as N1 in the sixth edition with >2 positive lymph nodes are now classified as N2 in the seventh edition. The prognosis of the patients reclassified as having stage II disease was worse than that of the patients who remained in stage IB, although the difference was not statistically significant.
Our study has the following limitations: 1) the number of patients with stage IB (AJCC 2002) was relatively too small for obtaining statistically significant results between stages IB (n=29) and II (n=70) according to the AJCC 2010 staging system, and 2) the generalizability of our study findings must be considered.
In conclusion, we demonstrated no survival benefit after adjuvant chemoradiotherapy for stage IB (AJCC 2002) after D2 dissection. Further studies with large populations will be needed to confirm these results before they can be recommended definitively as the standard of care.
